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The equations. relating the wing and tail loads are
derived $or the type of control. movement that prooeeds
at a oons$ant rate to a maxtmum value and thereafter re-
mains oonmtantg These equations are then used to compute
the variation with time of the, wing and tall loads for
the ET-93 airplane; each of the Important .parameters is
varied in turn in the computations, Equatione are derived
for the determination of the ❑ax3unm increment of the wing
load, the down-tail load, and the up-tail load following
a given elevator displacement.

For a given elevator displacement, the results indi-
cate that the greater the rate of elevator movement the
greater Is the down-tall load and that a rearward shift
of the center of gravity oausee an ipcrease in both the
wing load and the upward-acting tall load.

Id!PEODUCTIOli

The opinion has often been expressed that the deeign
load re~ulremente of tall surfaces do not have the same
rational basis ae the reoulreaents for other important
parts”of the airplane. It Is felt that the requirements,
in the case of the horizontal tall surfaces, ehould not
only take into acaount the geometric and the aerodynamic
properties of the surfaces but should also have some in-
timate relationship with the wing design load faotor.

Ii order to achieve this relationship, lt.i.s neces-
sary to determine both the wing load. that accompanies a
given elevator deflection and the maximum effective angle
of attack that oooure at the tatl. s~f.~.e. wh.an both linear
velocities and angular velooitles are oomblned. There-
fore, a rational determination of the tnil load must some-
how ta!ce Into acoount not only the stablllty oharacterls-
tit?s of the a~rplane but also the manner In which the
pilot actually moves the controls.
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As early as 1921, Case and G~tes (referenoe 1) had
Investigated the problem of determining the tall load from
a rational basis and, although their paper Included a
series of design oharteo they conoluded that the number of
faotors upon whloh the maximum tail load depended was too
large for any simple general formula to be given and that
It was impossible to correlate the maximum tall load with
the subsequent maximum wing load. Sinae that time, a num-
ber of related papers (references 2 to 8) have appeared;
these

7
apers have aarrelated the wing load with the .stiok

force see reference 2) or with the tall load. In most of
the papers, either insuf~icient rbsults.aro given for de-
termlntng the effeot of a wide varlatlon in the rate of
elevator movament on the ta~l load (see references 4 and
5) or elevator displacement funotions have been so chosen
(see referenOe8 6 and 8) that the rate of movement IS
variable along the patb.- For these funotions it is im-
possible to isolate the effeot of eievator movement on the
tall load.

A ~onsideration of the problem of determining the
maneuvering tail loads for various types of airplane in-
dicates that a desirable approach would be:

1. Jetermine the variables that, from theoretical
considerations, appear to be the most Important in deter-
mining the tail load.

2. Having detorminod these variables, find by experi-
ments oonducted on an actual airplane, the parameters of
whloh are accurately known, the effect of each variable
In turn on the tatl load.

3. Obtain statistical data regarding actual amounts
and rates of elevator defleotidns at varloue air speeds
for various airplane typee.

The present paper covers step 1 of the outlined ln-
vestlgation, includes methods of oomputlng the variation
of wing and tail loads, and gives numerical results of the
application of the theory to the Bl!-9B airplane. ~inally,
theoretloal formulas are developed and charts are given
for computing the maximum increments of.wing load, the
down-tall load, and the up-tail load following a given
elevator dlspladement~
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The following is a lltat of the symbols employed in”
this paper:

a ..

-3 w

s
.

‘t

b

~

m

ky

I

‘t

v

P

~

nt

L

CL

cm

a

at

It

8

c

airplane weight, pounds ,

wing area. square feet

tail area, square feet ~

“ wing span, feet

ataoeleratlon of gravit~, fee+ per second per second

airplane mass (W/g) , slugs

radius of gyration of airplane, feet

pitching moment of inertia (mkya), slug-feet=

tail distance from center of graTity of airplane
to aerodynamic center cf tail, feet

airplane velocity, feet per second

mass density of air, slugs per cubic fcot

dynamic prussure (1/2pV=), pounds per square foot

tail effloiency factor (qt/q) “
. .

lift, pounde

lift ooefflclent

pitching-moment coefficient of ~lrplane less
horizontal tall

wing angle of attack, radians

tail angle of attack, radians

angle of setting of tall surface, radians

elevator angle, rad~ans

downwash angle, radians
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Y fltght-path angle.wtth horizontal, radians

e angle of pitch (a+Y), radians
.“

K“ emplrlcal constant denoting ratio of.damping
moment of complate airplane to damping moment
of tail alone

n airplane load fao”tor

t time, seconds .

With Subaoript 1, t Indicates time of maxi-
mum elevator deflection; with prime (’)~ t
+ndioatem aepartioul~r $Ime, TQenotations
a aad ~, 6 and 0, Y and Y denote
s,ingle and double differentiations with re-
spect to time.

KI,K9,K3 constants occurring In basic differential equa-
tion ~

a, b rootm of”basic differential: aquatlon
. . . .

A, B oonstante of integration In aolutlon of differ-
ential equation

Fo,F2,Fg,T& empirical factors used an determining maximum
values of angles

Subscripts:
. .

0 Inltiai’value
max maximum Talue
d down load
10 sero lift
geo geometric
t . *all. .. “

.,

“.

THEORETICAL EELATIONS BZTWEIIM WIliG AIUl TAIL LOAD
.:..

.

The mathematlcql treatment of the longitudinal motion
of an afrpland following an elevator movement involves
three simultaneous nonlinear differential equations. The
correct solution of these equ&tions must be obtained either
by eeries substitution or step-by-step methods. A close. .
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approximation to the oorreot salutlon “oan be obtained if
it 2s aeeumed that, in the interval between the start of

~.” .. .
+ a“pull-up’and~”the attainment of maximum loads on the wing

[

and the tell surfaces, neither the initial Yeloclty nor
the Inltlal..attltude changes .materihlly. These aseump-

~’~ tloaB, which elimalnate one of the three equations of mo-
tion and the trigonometric coefficients In the othsr two
equations, afford a oone.lderab~e maying in labor when a
Zarge number -of oaees are to be Investigated,. In addi-
tion, the as~umptlons agree qtaalitatively with experimen-
tal flight reeulte and have besn generall~ u~ed in treat-
ing longitudinal motion of ap airplane following a con-
trol deflection. “ .,

The following method, which mainly employs well-known
resulte, might ooncelvably be usef,ul at that stage of the
desig~ where numerical values of the load are required but
whare results of model tests are unavailable. Under such
conditions most of the aerodynamic parameters of the air-
plane that enter into the problem must be determined from
other sources. Some of these parameters can be determined
with a high degree of.aoouraoy; “whergas otherm, notably
the dovnwash fector, the tail efficiency factor, and the
slope of the pitching-moment curve, cannot be obtained
with tha acme accuraay.

If tha sign conventions of figure 1 are used, the
followin6 equations apply to tha steady-flight condition:

(1)

Equation (1) represents the aumation of the forces per-

7)
andloular to the Inetantaneoue fllght path and equation
2 represent the momenta about the oenter of gravity.

In accordance with the assumption that there 18 no
10SS in speed during the pull-up, the “corresponding dynaml~
equationa can be written as ..

dCL
Y C08 (Y. + A “Y) ‘~(ao+Aa)qS+m~V=O “ (3)

*
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a dclt

cm+!ugAa qs k
b d.at ~ ‘.+’”’(’ -*) +*-%*+ ‘t’ “ .

. .

1 -m?cy=ii =0.”(4) “+ %(80 + A8)J(ntq)St=t .
. .

Tbe term containing & iIB introduced to correct for the
effect of. lag In downwash at the tail, and the term con-
taining & is introduced to account for the change in
tall angle due to rotation.

. .

If e~.uations (1) and (2) are Subtracted from equa-
tions (3) and (4) ~md if it Is assumed that only a small
ohange iraattitude takes place (so that cos (Yu + AY) ~
00s Y)i the following equations of motion” are. obtained:

From figure 1 the followlng relations are
exist

a = (a. + Aa) + (Y. + M) 1;=;+.+””,

. .

dCL
& L.L- Aaq.$ ‘
...” ...” da

. . ..”. , ,- .“

and

seen to

(7)

(8) .
J

/ (9)

If equations (8) and (9) are substituted into equa-
tion (6), the terms c“ontaihing .&, -&,”” Aa, and All are
Segregated; and, If the resultlng equation Is divided by
-inky = -1, there is obtained

#f.
I
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B’dr simpllclty, equation (10) ia written a~ ..

& + Kl& + KnAa = ~A8 (11)

which is the equation for a damped oec~llatlon with an
Impressed force where

z.[
dcLt

Kx =
2m ~

{

~ ‘cms’ +
K== - -— —

2m da kY2b

K3 =
[

$ >q ‘txtj
‘~J

J
It may be notetl here that, when derivatives are con-

, siflered, it is immaterial whether a or Acc iB ueed.
Eecause most of the results will be given as increments of
anglme, the rotation Aa and A8 will be retalnefl except
where derlvat$ves are used. If, in equation (11); 48 Is
expreseefl as a function of t and, In particular, lf it
iEIassumed that the elevator.displacement ourve Is composed
of a constant gradient up to a value of A8max occurring
at time tl anfl thereafter Is’helfl at a constant value,
the following conditions for fletermining the constants of
Integration exlet.

In the first Interval between t=o and t=tl,

All = ~ A8ma=:
tz

and at two, Aau&mo,

In the eecond interval, where, t > tX and A8 = A8max,
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the conditions for determining the cotiBtsnts are that at
t . *Z, Au, &8 and A8 are given by the values obtained
from the firgt interval, When the roots of d+K1iWKaA~
ara oomplax, that is, of the form &ib, as will be the
case with airplanes that are longitudinally stable, the
solution of the differential equation for tho first inter-
val (t< t,) is

If equation (12) is differentiated and simplified by
introducing tho equivalent values of Xx and K=, then

8= 1
&. at&iXK3 i(~.eat oofj bt+ e f

t Xa L\
sin ‘bt

)]
(13) ‘

In the second interval, where t>t% -d A& ~ A8maxw
the complete solution of equation (11) -is

K3A8
(14)Aa= oat(A 00S bt+B sin bt).+ ~=

where A and B are constants of integration.

If equation (14) is differentiated,

&=eat z\aA+ bB) cos bt+ (aB - bA) sinbtl (15)

If the value8 that apply at t=t~ are assigned to Aa
and b, equatlona (14) and (15) may be solved simultane-
ously for tho numerical values of the oonstante of intB-
gratlon A and B, which are then Inserted into the
equations that apply for the seoond interval. Equations
(12) and (34) enable a determination of the increment in
wing angle of attaok, while equations (13) and (15) give
tha rate of ohange of the angle of attack following the
particular type of control displacement adopted. .The in-
crements of the wing load and the load faotor are then
found from the equations

dCL
AL = ~ AaqS . .“ (16a)

(16b)

f
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It im.eeen”frorn the bracketed term in equation (6)
that; la order to determine the effective. tail angle of
‘attack at any time, the pitabing veloa$ty and the rste
of ohange of the wimg angle of attaak must first be known~
If substibutlone are made from equations (7) and (8) into
this term, the inerememt.in effective tail angle of at-
tack at any time 18

. .
. . ,..“.I

“Thevalue “of 4at given in equation (17a):ie to be ln-
rserted in the equation

.%% Aat ~tqst
‘Lt = da+

(17b)

to obtain the Increment in tail load at any t%me.

The pitching angular veloaity from equation (8) is
seen to be,

(18)

..Alt40ugh equations (12) to (15) are solutions for a
particular type of elevator movement, other analytical
dlsplaoement functions that give somewhat simpler solutions
are available. (See references 6 and 8.) In theee simpler

.funa,tions, however, the rate of movement varies along the
displacement curve eo that Its effect ok the tail load
cannot be directly determined. The following equations are
gener:al, allow for all types of elevator movement, and are

. su’bJeot t“o thb assti~tiona ”prevlously llsted~ l’heymay be
derived from a “aonslderatlon of a suacesslon of small in-
crements of elevator. impulse 6(t.)dtm.

KS
t“ t

,Aa=—
“b r{ ea(tt-t)sl~h(t s-t) 8(t)}dt (19)

lc~
tl

r{&u— “
b

La sinb (tI-t)+ b slnlI (“t~-t)jea(tt-t)8(t)}dt (20)

do. . . .. .

!Che evaltiti~~ of general equations (19) and (20) Is
most readily obtained by Integrating purves of the values

.-

-.. .

s
●

. . . ... . . . . . . -—-
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appdarlng within the “braces plotted again st-thb quantity
tl - t. Suoh an integration.glveta the value of .Aa ~ or &
at the time t$a . ..

.“ ..

APPLICATION OF THE THEORY” .

Practical flight oonaiderationm indicate that oertain
quantities appearing in equations (ha) .mu~t be considered
a~ variables with a given airplane. These quantities, not
necessarily hated in the order of their Importance, are
as follows: .. .

(1) Mass density of air p

(2) Airplane speed V

(3) Airplane mass m

(4) pitohlng moment of Inertia I (=mkya) “

(6) Rate of elevator defleotlon d8/dt

(6) Increment of elevator deflection A8

(7) Slome of the pitching-moment curve dCm/da
~variation is due to ohanges in the oenter-of-
gravity position)

(8) Slope of the lift ourve dOL/da (variation is

due to changes In the thruet component that
contributes to the llft)

(9) Tail eff~oiency factor ~
1

(variation ia due to
changes in thrust cond tlon)

(10) Downwaeh factor de/da (variation is due to
changes In the thrust condition)

A numb”er of calculations were made to determine the
relative effeotB of each of these variablea on the wing
and tall loads for the BT-9B airplane. A drawing of this
airplane tB shown in figure 2. For all the caaee ooneid-
ered, the pertizient parameters and their numerical values
are listed In table I. The required aerodynamic parameterll
were available from unreported teetta made In the full-eoale
wind tunnel and’ the other valueta listed were available by
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measurement’ or ware arbitrarily aaeigned~ The range oov-
e.xsd.,.by.theae”-yartitilesIe the range” that might be oovered
under aotual fli~~% 60”nditlbn@o”’‘“”‘-”““--’.-..”------...

. .

I’igure3 shown the computed changes from the steadF-
fllght condition In the wing angle of attack, the effec+-
tlve tall angle of attaok, and the angular veloalty for
oases .lfiS, and.3 af table .1 due to a 150 deflection of
the. elevator. The variables oo%e”red in thlu figure are
the air .spqed and the. rate of elevator deflectloh.

~igure 4 Shiwa the effeqt O-f.varying the a~titude at
two different dynamic pressures. oorreeponding to indioated
velealties at,125 and 150 miles per hour, with only the
medium rate of elevator movement being used. ~igures 5
through 10 show the results of varying the moment of iner-
tia, the airplane masss the slope of the lift ~urve~ the
downvash faator, the center-of-gravit? position, and the
tail efficiency factor. In figures 4 to 9, ease 4 of table
I waa ueed ae the basis for comparison; la figure 10, caae
1 of table I was used.

In figure 3, It is seen that the maximum effective
negative Inorement of tall angle of attack markedly ln-
creaaed with an Increaee In the rate of elevator deflec-
tion; whereas, for a given dynamic! pressure, the maximum
wing angle of attack remained almost unchanged with the
rate of elevator movement. An increase in the air 8peed
caused: (1) a decrease in the maximum negative value of
the effective tall angle of attaok and (2) a proportional
Increase In the maximum angular velocity. Becauee of thie
behavior, the maximum inarement of load on the wing and the
positive Inorement of load on the tail would be propor-
tional to the dynamio pressure for a given rate and amount
of elevator deflection, but the maximum negative Inorement
in tail load would be slightly less than proport~onal to
the initial dynamio pressure.

Prom figures S, 6, and 7, it is Been that the assumed
changes In the moment of inertia, the airplane masfa,and
the slope of the llft curve, respectively, oaueed only
slight additional changes in the wing and the effeative
tail angles of attack and only slight additional changes in
the angular velocitie~, A more marked effeot is apparent
in figures 4, 8.,.9, and 10, where %he altitude, the down-
wash factor, the oenter-of-gravity position, and the tall
effdclenoy faotor, reegeotive~y~were varied. It must be
remembered, however, that the changes apparent from these
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figures do not neoestaarily represent the relative impor-
tance of eaoh of the variables beoause the percenta~es-of
changes considered were not equal but were taken as the

\ changes that might be ob”talned i= the contemplated flight
te0t8.

Table 11 presents the percentage of change in the.
maximum wing load and in the maximum positive and negative
tail load for Interpolated l-peroent changes in each of
the variables, case 4 being used as the standard of com-
parison. Although this table summarises the quantitative
effect of alight changes In each variable from caee 4 of
table I, these changes must .be taken.aa qualitative for
other flight conditions of the BT-9B airplane and for other
airplanea.

Before conclusions as to the relative Importance of
the variables are drawn from an inspection of table 11, it
must be recognized that oertain variables may be more ao-
ourately obtainable 4han others, ~or this reason, those
variables that are lees accurately known, such as the down-
wash factor and the tail efficiency factor, nay acquire
greater importance 1P order to provide for the probable
error in the derived val”ues, It appeare that, for equal
rates and amounts of elevator deflection, the center-of-
gravity position Is of the greatest importance; the down-
wash factor, the air speed, and the.tall efficiency factor
are-of approximately e~ual-importance but
less important than the center-of-gravity
termining the wing and the tail loada,

llQUATIOlU5’FOR DETERMINING MAXIMUM

although the preceding sections have
pllfied theory and its applloation to the

are somevhat
position in do-

LOADS

given the sim-
oomputatlon of

the load varlatSon with time, the values of principal in-
terest from structural considerations are the maximum in-
crements of load on the wing and the tail following a
given control deflection. Equations and factorm for de-
termining the theoretical maximum loe.ds are ae followe:

.-
Haximum ifing Load Increment .

Reference to equation (14) indicates that the incre-
ment of the wing angle of attack, and as a consequence the
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wing load, %@ iietermlnek by the a~dltlon of a damped 9B-
s$l,lato~? t.e~-m,and 8 conBtant term that depends on -the
elev”ntor defleetikh. ‘-’’Th~oEo~llatory te~.iO so..h@@?.ZlY
demged+’ however, that after a few seconds (j?igso 3 to 10)
its effeot ha6 praetiaally disappeared and the Snorement
in the “wing angle of attaok qulokly approached a final
value equal to ‘S/KU 8max~ Jf the valueB for Ka and K3

given by equation (ha) are Buh@tituted into equation (14),
there iB obtained the following equation for the final val-
ue of Aa:

. . .
,

‘afinalm .
.

-(a) (~) ( -E)-2*”%P$——
1 a 3

This value may be iZLB8rt8d In the equation
dC5
— qAa
da

nul+—
v/s

(22)

to obtain the reBulting load factor following an elevator
deflection A8ma=. Kaul and Llndemann In reference 4 have

given.an equation similar to equation (21) except for the
fir6t term in the denominator. Although the order of im-
portance of the terms in the denominator of equation (21)
.wtll in most oases be 2, 3, and 1, computations indioate
that the effect of the flrBt term may Bometimes be aB
large aa that of the third term.

Mlth the exoeptlon of dOn/da and dcjti, all of
the quantities involved in equation (21) for e+ given caBe
oan be determined with a 6ati6factory degree of accuraoy
or are speoif$ed by the geometrloal oharaoteriBtioB of the
airplane.

X’romfigures 3 to 10, It is taeenthat the airplane,
in 060illatlng about the final value of Aa, flrBt reaohes

*AB a dlreot reeult of the a66umptlons employed, only the
6hort-period highly damped oeolllation appears in the equa-
tionB. m

.

1.
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a maximum valti of b~a~ , In order to aocount for this
maximum value, the value of % inal given by equation

(21) can be “in~reased by the use of the correction factors
given in figure.Zl. l?hese faotora were obtained by first
noting from figure 3 that the time shift of the values of

‘%ax from that of an instantaneous deflectlom to that

$or any other rate of.deflection was approximately equal ‘
to tlo the time required to reaoh the maxlmam elevator
deflection. This result, together with the knowledge that
the natural period of vibration about the final trim con- , “,
dition is equal to 2Tr/11, places the time at which Aa
reaches a maximum as approximately equal to tl + m/ha By
a somewhat long and $Adlous derivation, not essential to “
this paper, the multiplying factor for.equation (21) was
found to be closely giveq by

( .&i)-(K1/2) tz +
F. = l+e

The factor as given applied beet when tl ~ Ot:5 and for
the usuaI range of stabilities where K3 = Kl”/4a E’or val-
ues outside this range the factor $s obviously incorrect.
~lgure 11 shows the factor F. plotteb against tl for
various values of KI and ratios of K1/Ka that are
likely to exist in an actual case. Alternatively, the max-
imum increment in the wing angle could be found by comput-

ing a few values of da near th~ time

‘=+&’
with” the use of equation (14) for this purpose. .

Maxim’km Down-Tail Load Increments

Reference to figure 3 indicates that, with rapid
rates of elevator deflection, the maximum down-tall load
increment occurs when maximum deflection is reached; where- ~
as, with the slowar rates, the” ma”ximumrlncrement actually
occurs before the maximum deflection. b the besis that
the maximum tail increment occurs at time tl,
(17a) could be rewritten as

equation

where ~1 and Pa would be the values multlplySng the

I
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quantity 6mf&J/tl~a of equations (12) and (13) whoa
-. .,. t.-. *.*.. .._?.,. ......
‘, .. . . . .. ,, .+..

As may PO notod from the fsg~es, substitution of .

2 “ ‘or
t would y$eld too low a value of the down-tail

angle if the elevator motion were S1OW, An analyeis of the .

A r@adlts of the computation~, together with the equations
involved, Zndiaated that thq max~mpm down-tail angle will
ooeur either at the time t~, or near the time given by

. 0.4n/b, dppendiag “on whioh value itathe smaller. !Che
value 0,4w/b is near the quarter period of the oso3l1a-
tSon.

Figure 12 gives the value~ of 33 and r~ oomputed
by substituting these two values of time Into equations
(12) and (13). The falred parts of the ourves were ob-
tained by appl~lng the value tl and the horizontal por-
tions were obtained by using the value 0.4n/b for the
time. The approximation to the maximum theoretical ~alue
of the down-tall angle obtained by the eubtatltution of the
value o.41T/h for” the time 1s not so close, however, as
the approximation feotor previously given for the wing
angle.

Maximum Up-Tail Load Inorement

Reference to figures 3 to 11 indicates that the up-
tail load increment has two valuea of interest: a maximum
value that oocurs during the first oscillation of the air-
plane and a fln&L steady value that occurs when the air-
plane is traveling at a constant angle of”atta~k and a oon-
stant angular veloolty. In the final a%eady state, the
rate of ohan e of the angle of attack la sero; therefore

?)In equation 17a , whloh gives the effeotive tail angles
the middle term becomes sero. If the value ‘af $nal
iveh by equation (21) 3s aubatituted for Aa in equation

b 17E and the reaultlng expreaaion”is aimpllfled, it 18
found that the final increment of up-tall angle ia very
nearly equal to .

,

. . ‘)“(%?)(*’) (*) \* ‘afsn~l
“ (24)

Equation (24) Indloates that the ftnal upwtall load

B --
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“ incremeht follow ing”a~c.ontrol Msplaeernent dependB almost
cllreotly upon the elope of the pitching-moment. ourve” for
the airplane without the t=il in place. Such a variation

“of the flhal” value of the tatl load prealudes tihe possi-
bility of gl%ing the maximum value.ae a factor times the
steady value, the grooedure previously used wi’th the wing- ‘:
A reasonable method eesme to be to dlwlde the maximnm
value Into two partu.:” the atekdy value already &iven and “
an additional value’ to bs added to this given valus~.
. . . .. . . ..

. Although St is Impossible to give this ”extra incre-
ment exactly by any short expression, the followdng expres-
sion has been fouti #i@ give a reasonably close approxima-
tion “

. .. . . . . ..
.“

‘“(

. . :.~.7, “,
.1

. .
[~~~e-lc,/2;-~ ‘j “ :;~(25)

.
. .

Zhls. value was d.etermined.from an annlys.ts of the .eo.uatlons
involved as well as of the computed resuLt.el and L.twill
be seen that the exponential time factor is sim,llar *O that
previously glvcn In the determination of 3’0 for the wing
and is subject to the came limitations as that factor.
Figure 13 gives the vard~<l.on of the ex onentlal $aotor
F3 Y(the braoketed term of equation (25 ) with t ~ for

various valueti “of K1. and E’z/Za. ‘ “ . .:.- .. . . . . .
. .

IIISCUSSIOI?”03’EQUATIONS Or MAXIMUM-LOAD lliCREMEi?TS

.. ..
The equations given Include most of-the fdctors. re-

quir’ed.for the determination of” the.maxihuni load values of
the..wi.rigand” the tali fo.llowlng a giweti.ti~pe of elevator
movoruent.. Bec~use come of the .qusntitles that appear vary
only slightly between a-irplanep.o,it may bp possible upon
the completion of proposed flight tests to introduoe aver-
age valuee in the” equations that will make ~hem appear less
formidable, ,

It is obv~ous that, -in any well-bal.aoned design, the
controls shouldlbe eapabl~. of being mowed .sufficiently by
the pilot to map-etiver”.tli~..airplane to the applted load
factor at all air speeds within the unstalled-fllght range-
The neoeseary relation between the elqvator deflection and
the lo”ad factor otin be obtained from eqtiatilotie-(21) and
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(22), and the up-ta~l load is then found from expressions
(21), (24)s -nd (25)0 Although the down-tail load lnore-

“-”meritis””rbl-atsd“to-the wing load factor through the ~nore-
ment of elevator deflection, it depends so markedlr on the

2
rate of movement that the rate m~t be known or assigned

A
In a~vance. .

At present, little Is known regarding the rates of
elevator de~leotlon encountered under normal conditions
exoept that” a finite length of time (of the order of 0.2
see) is required to”apply the necessary foroe in even the
quiokest maneuver with the contro~s both aerodynamically
and statloally balanced. It eeemtareasonable to expeot
that, even though the controle are moved as rapidly as
possible, the effective rate of movement would be slightly
reduoed owing to aerodynamic lag. l’urther, it can be ex-
pected that the rate of mov~ment would be decreased with
an increaae in the size of the airplane because of an in-
creaee In the inertia of the control eystem.

Particularly severe tail 10ad8 can be built up if,
after a movement of the elevator and during the time that
the airplane Is traveling on a curvilinear path, the ele-
vator ie abruptly revereed to an opposite position. This
type o% movement, under oertaln condltione, oould result
In a tail-load increment more than twice the value obtained
with the single throw. Such movements are unusual and
therefore probably of emall concern. It should be noted,
howevdr, that, in a normal maneuver such as a pull-up, the
elevator Ie returned to neutral more or less rapidly at
some time after the initial upward dleplacement. If this
return to neutral is made at about the time of the maximum
upward load due to damping, substantial upward increment
of load may be added to that already exleting. Becauee of
these possibilities, the horizontal tail for small maneuver-
able airplanee ehould probably be deelgned to withstand
load increments incurred In a pueh-do”wn, pull-up oondition
that would cover the flight V-G envelope frofi a negative
to a poeitive value o~ g, .The loade for the large airplane
s-hould be des~gned for a similar maneuver, but the rates
of movement ehould be considerably lower.

Langley Memorial Aeronautical, Laboratory,
National Ad+lsory Committee For Aeronautioe,

Langley ~leld, Pa.
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OharMteriat ice held Conutmt

Cbaracterhttce varted

4d=Ll--Caae(s14s/ (f;s) (lb/~q ft) (slm~)

2 I .00338!1%3 ] 40.0 I 140

3 1 .0CE3E2ao.o 57.6

t

140
—-

4 I .w19e 201.0 40.0
\

140
.—

5’ .00163 265.0 “57.6 ho
.—

6 .00198 201.0 40,0 ; 140

T-

——
7 .0C198 2G1.O 40.0 150

8 .00198 aol.o 40.0 140

9

10

.001981201.0I 40.0 I 140

.001981201,0I 40.0 I 140

11 .0@38 146.6 I 140

—— I

I 31.410.lzztzimx9=

400 I 31.4i .125;4.15 ] .951 .53

4-400 ! 31.4! .12514.15 I .951 .53

+400 I 31.41 .12514.56 ,95I .53

I .—
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Fig. 3
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Figure 3.- Effect of rate of elevator deflection and air speed
on increments of wing and tail angle of attack.
Ca9e9 1,2, and 3.
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